INTRODUCTION
Recently, the word "big data" has been extremely popular among organizations. In academic area, the research of awareness, the adoption and perceived usage are still ongoing. Obviously, many factors need to be considered before the organization decides on adopting the so-called new technology of big data.
Even big data research is still at infancy especially in the context of government or public service sector. This paper reviews several big data initiatives by the government and also past research in this area. It perhaps can contribute to the academic research on how the government in several countries put their initiatives and commitment to implement big data. Besides, the general view of issues and challenges in big data is also reviewed.
UNDERSTANDING BIG DATA
Big data, the new buzz in information technology world, has been expanding enormously in many industries.
Public sector as well as private sectors play important role to implement big data to ensure the investment benefits the organizations and the society.
Many definitions of big data have been written by researchers in their paper. However, in general, the word big data represents the size of data and also the varieties of data collection.
Definitions of Big Data
Malaysia Digital Economic Corporation (MDeC) defines big data as "high-volume, -velocity and -variety information assets that demand cost effective, innovative forms of information processing for enhanced insights and decision making" [1] .
According to [2] , the very first definition of "big data" was from the 1997 paper written by scientists from NASA: big data delivers an exciting challenge for computer systems. It means that data sets in big data are commonly large, demanding the volumes of main memory, local disk, and as well as remote disk. For NASA, they identified this as a problem of big data. Which means, the most general solution when data sets do not fit in main memory (in core), or when they do not fit even on local disk, is to obtain more resources.
As time goes on, and data getting bigger and bigger, many researchers have their own definition of big data. [3] defined big data as a very large database that represents the gigabytes of data volumes. Later, the word "massive" represents the level of terabytes and the term big data means the level of terabytes or more. Similarly, [4] defined big data as a group of huge number of data sets that it becomes tough for the common onhand database management tools and traditional data processing applications to process large and massive data.
Besides, [5] defines big data as datasets with a size that is beyond the ability of typical database software tools to capture, store, manage, and analyze. [6] stated that big data is a data that cannot be handled and processed in a straightforward manner. Whilst, [7] highlighted that big data has three main characteristics: the data itself, the analytics of the data, and the presentation of the results of the analytics. Then there are the products and services that can be wrapped around one or all of these Big Data elements.
[8] in his paper, defined big data as a large data sets, consists of large data volume, which is measured in in tens of terabytes, or it could be in hundreds of terabytes or petabytes. [8] furthermore mentioned that organizations generally conversed about a very large databases (VLDBs) that normally managed in a database management systems (DBMS) and contains structured data that exclusively belongs to the organization. Besides, in terms of the type of data, [8] stated that in addition to very large data sets, big data can also be an heterogeneous mix of structured data (relational data), unstructured data (human language text), semi-structured data (RFID, XML), and streaming data that can be extracted from machines, sensors, Web applications, and social media.
Likewise, the term large volume of datasets, various resources of data, different types of datasets are the general characteristics that define big data. This is supported also by [9] which defined big data as a general term for the massive amount of digital data being collected from all sorts of sources. These datasets are too large, raw, or unstructured for the purpose of analysis through conventional relational database techniques.
In the early researches, most of the study in the literature highlighted that big data has 3, 4 or even 5 characteristics; which 3 in common for all are volume, velocity, and variety. Furthermore, as the technology expanding and getting bigger, the characteristics of the big data also changed. The other 2 characteristics being added were mentioned on veracity and value [10] - [13] .
"Big data is high-volume, high-velocity and high-variety information assets that demand cost-effective, innovative forms of information processing for enhanced insight and decision making." [14] 
The 5v's of Big Data
The 5 V's are discussed further as below:
Volume: This is the most important characteristic or a primary attributes of big data [12] , [15] . It represents the size of the big data set [12] . Volume also refers to the magnitude of data [11] . It is a massive information sets that are command of size bigger than data managed in habitual storage and analytical results [16] . The size of big data sets can be in multiple terabytes, and petabytes [11] . Even the volume can be larger than petabytes, which can be exabytes and zettabytes [17] . Volume furthermore can be referred to the amount of all types of data generated from different sources and continuously expanding [10] . Moreover, big data can also be quantified by counting the records of data, transactions, number of tables, or even files. [15] .
Variety: [18] described variety as a range of data types and sources. The data can come from many resources, either external or internal. These data entries from separate resources cause variance in data set [12] . Variety may also referred as a structural heterogeneity in a dataset [11] . The data can categorized into three types: structured, unstructured and semistructured data [15] , [16] . According to [19] , data that comes from audio, video and other devices are difficult to categorize. However, [11] mentioned that text, images, audio, video are examples of unstructured data, which sometimes shortage the structural organization essential by machines for analysis. Furthermore, extensible markup language (XML), RSS feeds are examples of semi-structured data [11] , [19] . Semi-structured data also does not conform to fixed fields but contains tags to separate data elements [17] . [9] mentioned that variety means data comes from all aspects of sources: structured data which can be a traditional databases like SQL; semi-structured with tags and markers but without formal structure like a database; and unstructured which means unorganized data with no business intelligence behind it.
Velocity: By definition, velocity is referred as rate at which data are generated and the speed at which it should be analyzed and represented [11] . It can also be described as the frequency of data generation or the frequency of data delivery [19] . [12] stated that velocity is the production rate of big data must be remarkably high. The heavy growth in data means that the data should be analyzed more rapidly. In other words, the faster the data grows, the faster the need for the data increases. Velocity can be defined as the speed of data generated, delivered and processed [9] .
Veracity: Veracity focuses on the quality of data [9] . It also defines veracity as the characteristics of big data quality as good, bad, or undefined due to data inconsistency, incompleteness, ambiguity, latency, deception, and approximations. Furthermore, veracity related to essential unpredictability of some data requires analysis of big data to gain reliable prediction [20] . Veracity can be defined as the accuracy of data whereby the data should be acquired from correct resources and it also must provide the security of the data [12] .
Value: Oracle introduce value as a defining attribute of big data [11] . Big data are normally characterized by relatively "low value density". Therefore, the data received in the original form are usually has a low value relative to its volume. Nevertheless, a high value can be gained by analyzing large volumes of that particular data [11] . [12] in his paper stated that result should be generated after all the procedures and the result should enrich the process. Another aspects of value is bringing business value to the organization and it is obviously challenging as to align the business value with the organizational objectives [13] . In other words, big data must create a value-added to the organization.
From all the five characteristics of big data, of course the volume of data that need to be managed and analyzed is relevant to the government. Daily, government needs to handle massive amount of data due to the thousands of citizens that deal with any government agencies. Due to that, it is important for the government to initiate the big data analytics projects.
Variety is another characteristics of government datasets. Certainly all the government agencies collect data from various sources. The data also comes in various types including structured, semi-structured and unstructured data. Therefore, the government needs to handle and organize all the data appropriately so that it can be analyzed and managed accordingly to the needs of the agencies.
Another characteristics of big data that is relevant to government is value. For sure, the citizens always refer to the data that provided by the government. Therefore, before the data being analyzed and distribute to the public, the value of the data must be assured.
Big Data vs. Business Intelligence
The concept of big data has evolved to infer not focusing only on the massive amount of data, but also the value that the organizations can gain from the business process. Big data is identical today with business intelligence, business analytics, and data mining, has lifted business intelligence from reporting and decision support to prediction and next-move decision making [9] . Besides, [21] however highlighted that big data analytics is an element of business intelligence and analytics.
To achieve management effectiveness, business intelligence systems efficiently can support and assist the management levels in making strategic decision with strategic plan. Business intelligence (BI) is defined as "a set of methodologies, processes, architectures and technologies that transform raw data into meaningful and useful information used to enable more effective strategic tactical, and operational insights and decision-making" [22] . Hence, in this era of big data, the effectiveness of BI basically provides the decision makers in the organization to have access to the quality and relevant information, which enable them to accurately analyze the specific situation and make the decision accordingly. It also helps the management level to analyze the current situation, as well as to forecast the future. Notwithstanding the enormous benefits that an effective BI system can provide, several studies shown that the usage and adoption of BI systems still remain little, mainly among smaller institutions and companies with resource constraints within the organizations. [23] .
Over two decades, the related field of big data analytics and Business intelligence and analytics (BI&A) have become progressively important in both the academic and the business communities [24]The term intelligence has been used by researchers in artificial intelligence since the 1950s. However, business intelligence became a popular term in the business and IT communities only in the 1990s. Tremendously, in the late 2000s, business analytics was introduced to represent the key analytical component in BI [25] . More recently, the term big data and big data analytics which require advanced and unique data storage, data management, data analysis and visualization technologies, have been used to explain the data sets and analytical techniques in applications that are so large (from terabytes to exabytes) and complex (from sensor to social media data) [21] .
Furthermore, if organizations need to analyze on what is
happening in the business, of course the organizations need large volumes of highly detailed data. Meaning to say, if the organizations truly want to see something that is never seen before, it helps to hit into data that is never been selected for business intelligence (BI) or analytics. Some big data sources feed the data continuously in real time. Big data is not about the giant volumes of data, but it is also about an amazingly and extraordinary variety of data types, delivered at various speeds and frequencies [19] . Big data analytics not only can benefit customer relations, business intelligence, and many analytic applications. The study conducted by [19] showed that business intelligence in general can benefit from big data analytics that stated numerous and accurate business insights (45%), an understanding of business change (30%), better planning and forecasting (29%), and the identification of root causes of cost (29%). It is understood that Business Intelligence (BI) in big data analytics can be used to understand many types of business entities such as customers, competitors, market characteristics, products, business environment. Not only limited to that, BI also could give positive impact of technologies, and strategic stakeholders such as alliance and suppliers [26] .
In the paper of [5] mentioned that business intelligence is one of the big data technologies. It is a type of application software designed to report, analyze, and present data. BI tools are often used to read data that have been previously stored in a data warehouse or data mart. BI tools can also be used to create standard reports that are generated on a periodic basis, or to display information on real-time management dashboards.
To relate big data and business intelligence, [27] mentioned that when the big data is collected, the opportunity to make an accurate decision through business intelligence is offered. It can be stated that business intelligence is a set of theories and technologies that aim to transfer data from raw material into meaningful information for the use in any business process.
BIG DATA AND E-GOVERNMENT
The relevance of big data to the government is huge. Government uses big data to promote the public good, vice versa with the businesses use big data to hunt profits. Therefore, government plays a big role to ensure that big data technology can evolve rapidly in the countries [28] . Big data can increase e-government efficiency and effectiveness, helping it evolves into transformational government (tgovernment), which is viewed as the ultimate evolutionary stage of e-government [29] . Furthermore, [9] highlighted that the main goal of government is to maintain domestic tranquility, achieve sustainability of development, to ensure the citizens get their basic rights, and as well as to promote the general welfare of nations and economic growth of the country. Differ from the goal of business, they are more focus on earning profits from the goods and services provided, developing/sustaining competitive edge, satisfying customers and stakeholders by providing value from the business [9] . Government also generates petabytes of data every day which requires a technology that helps to perform a real time analysis on the enormous data set. Big data will help the government to provide value added services to the nations [30] .
The needs of using big data in the government has been highlighted by [30] in their paper. Big data basically can help the country in building smart cities by providing faster and reliable services to its citizens.
• Addressing Basic Needs Quickly: It is the government responsibilities to provide the basic needs to the citizens such as water, electricity, telephone, and gas connection, as quickly as possible.
• Providing quality education: It is also a duty of the government to provide the best education facilities to the children. Therefore, big data can help government to assess the educational needs for the children immediately.
• To reduce unemployment rate: Through big data, it enables the government to arrange and provide the best training to all the unemployed graduates to become entrepreneurs every year.
In leading ICT countries, the governments have initiated bigdata application projects to enhance all the operational efficiently, transparency, the well-being of the citizens and engagement in public affairs, economic growth and also national security [9] . Source : [29] In big data consumption, it is obviously mentioned that the performance gap exists between e-government websites and ecommerce websites, where e-government were lagging behind [29] . Therefore, this lagging created an important issue: the simultaneous overproduction and under-consumption of data in the government sector. In these matter, the theory of economy is being applied to frame the potential and challenges of these issues. Basically, overproduction refers to "instability of distribution of production from time to time and inequality of distribution of productive activity from place to place". Whilst under-consumption means that the data is under consumed in the e-government domain [29] .
BIG DATA INITIATIVES IN SEVERAL COUNTRIES
This review was conducted by [9] . It is summarized as below: Reviewing all the big data initiatives in leading countries, identified three notable big data trends:
• most projects operated or implemented today can marginally be classified as big data applications; • large and complex datasets are becoming the norm for public-sector organizations; • most big data initiatives in the government sector, especially in the U.S. are getting underway or being planned for future implementation.
Based on the reports above, it can be concluded that most of the big data projects in the government sector are still at the early stages of development [9] .
ISSUES AND CHALLENGES IN BIG DATA INITIATIVES
Few articles highlighted on the issues and challenges than need to be concerned in big data initiatives.
Policy Instruments by the U.S.
When discuss about applying or implementing big data in the government, the policy set up must be addressed appropriately. So far, researchers on big data in e-government are more focus in the United States of America. One of the articles related to this is written by [31] that highlights few policy objectives related to big data.
Big data initiatives by government leads to many advantages and benefits even though it still in the early stages. However, there are a range of policy challenges that need to address regarding Big Data, including access and dissemination; digital asset management, archiving and preservation; privacy; and security [32] .
Issues in Security and Sharing Information
Getting information from multiple sources and in multiple formats, putting them to integrate all the information might be the most challenges issues in big data. Another issues are related to sharing data and information especially between countries [9] . Generally, the same author categorized the big data issues into three aspects: silo, security and variety. The word silo refers to the enormous amount of data in legacy databases of each department. Communication between departments and across the countries was found to be the issue of sharing and integration data. Finding a cohesive format for analytics purpose also is another issues of sharing and integration of data.
Security basically refers to the privacy when using the records in databases. It relates to authority and legitimacy for accessing database and data records. And of course, variety relates to data in any forms either in structured format, unstructured or even semi-structured [9] .
Challenges of Big Data in Government
Some of the big data barriers highlighted in article by [29] , traditional relational databases owned by the government are normally not suits to manage big data that mostly unstructured data collected from various resources such as images, blogs, videos, mobile devices, smartphones and even social networks. Therefore, government still need to maintain data repositories which can support the analysis and manipulation of all the unstructured data. It is also necessary for the government to adopt the appropriate technical infrastructure to manage big data. Another challenges that need to be concerned by the government is the privacy issue. Manipulating sensitive data is a controversial topic to outside and inside entities of government. Government agencies might not want to share their data to the other government agencies or even to public.
Another challenges of big data initiatives by government is data access and sharing information. Generally, if the data is needed to make wise strategic decisions, the data must be accurately analyzed, complete and organized in timely manner. Hence, it is important to ensure that data management and governance process adding to the necessity. It is to make data open and make it available to government agencies in standardized manner, leading to better decision making, business intelligence and improve productivity [32] .
CONCLUSION
Big data benefits organizations and government in a specific way. The massive amount of data being handled and analyzed in the organization are no longer a major problem to most of the organization to implement the big data. However, the government may need to plan effectively before taking initiatives to implement big data analytics to ensure the investment to the projects are worth to the nation.
This paper is aimed to review on the definition of big data and e-government specifically, also reviews the initiatives of big data on government in several countries, including highlights on issues and challenges peculiar to the big data initiatives. Additionally, this paper review and consolidate information on initiatives and research works in the area of Big Data and government to guide researchers to extend further on this area. 
